12 United States Patent

Haot et al.

US008977108B2

US 8,977,108 B2
“Mar. 10, 2015

(10) Patent No.:
45) Date of Patent:

(54) DIGITAL MEDIA ASSET MANAGEMENT
SYSTEM AND METHOD FOR SUPPORTING
MULTIPLE USERS

(75) Inventors: Maxime G. G. Haot, New York, NY
(US); Richard G. Moore, Cedar Rapids,
IA (US); Sreenivas Rachamadugu,

Leesburg, VA (US)

(73) Assignees: Verizon Patent and Licensing Inc.,
Basking Ridge, NI (US); Verizon UK
Limited, Berkshire (GB)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35

U.S.C. 154(b) by 518 days.

This patent 1s subject to a terminal dis-
claimer.

(21) Appl. No.: 13/113,463

(22) Filed: May 23, 2011
(65) Prior Publication Data
US 2011/0217023 Al Sep. 8, 2011

Related U.S. Application Data

(63) Continuation of application No. 11/517,016, filed on
Sep. 7, 2006, now Pat. No. 7,970,260, which 1s a
continuation-in-part of application No. 11/475,603,
filed on Jun. 27, 2006, which 1s a continuation of

(Continued)
(51) Int.CL
HO4N 5/76 (2006.01)
HO4N 5/91 (2006.01)
GI1IB 27/034 (2006.01)
GO6l 17/30 (2006.01)
(Continued)

(52) U.S.CL
CPC ... G11B 27/034 (2013.01); GO6F 17/30017
(2013.01); GI1B 27/11 (2013.01); G11B
27/3027 (2013.01)

(38) Field of Classification Search
USPC .................. 386/278, 353, 200, 230, 290, 328

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

5,303,367 A 4/1994 IL.eenstra et al.
5,313,630 A 5/1994 Namioka et al.
5499371 A 3/1996 Henninger et al.

(Continued)

FOREIGN PATENT DOCUMENTS

EP 0764951 3/1997
EP 1463058 9/2004
(Continued)
OTHER PUBLICATIONS

“Advanced Systems Format (ASF) Specification,” Microsoft Corpo-

ration, Revision Jan. 20, 2002, http://download.microsoft.com/
download/E/0/6/EQ06DB390-1E2A-4978-82B5-311810D8A28D/

ASF_ Specification.doc, 104 pages, Jun. 2004.

“Avipreview Frequently Asked Questions”, pp. 1-7, Retrieved from
the internet: URL:http://www.avipreview.com/faq.htm [retrieved

Jan. 21, 2009], Oct. 15, 2002.
Bolle, et al., “Video Libraries: From Ingest to Distribution,” IBM T.

J.Watson Research Center, Lecture Notes in Computer Science vol.
1614, pp. 15-18, DOI:10.1007/3-540-48762-X__ 2, Dec. 1999.

(Continued)

Primary Examiner — Robert Chevalier

(57) ABSTRACT

An approach provides editing of digital media. A platform, as
maintained by a service provider, provides a remote proxy
editing capability of a plurality of media streams. A {irst one
of the media streams 1s transmitted to a player of a first
customer of the service provider. Further, the method com-
prises transmitting a second one of the media streams to a
player of a second customer of the service provider.

20 Claims, 8 Drawing Sheets

USPC 386/278;386/326
MED!A SERVICES PLATFORM 101
PROXY
SHARED REPOSITORY EDITOR
{ 103 J@ SERVER
MEDIA |
ARCHIVE @ @
R N
| WORKFLOW |
LIVE VIDED CSYSTEMM3 i T

FEE SERVE R{S}

" / i ENGINE
1 I
109 105 l 1ta

DIGITAL

< i | SERVER(S]
1 1r

| woRkFLOW | 1

12 WIRELESS
NETWORK 133
#31 ) syNDIcATION ﬁ

CBJECT !

FEED \ | RESQURCE | MEDIA APPLICATION |,
SERVER SERVER |

121 123

STORE |
18 BROADRAND
| ISP NETWORK 137

REMOTE

PLAYER I —

VIDEQ
SERVER \{f
-’ 127

129 an 125
oe | EQITOR >ﬁ: - —

DATANETWORK —
ie.g.. INTERNET)



US 8,977,108 B2
Page 2

(60)

(1)

(56)

Related U.S. Application Data

application No. 10/311,903, filed as application No.
PCT/GB01/02857 on Jun. 27, 2001, now Pat. No.

7,096,226.

Provisional application No. 60/714,674, filed on Sep.

7, 2005.

Int. CI.

Gi1iB 27/11
Gi1ibB 27/30

5,557,790
5,611,076
5,612,715
5,729,730
5,790,176
5,799,310
5,831,609
5,845,073
5,852,435
5,804,870
5,892,900
5,930,446
5,956,424
5,980,044
6,026,408
6,047,291
6,009,627
6,092,154
0,151,622
0,211,869
0,222,549
0,226,038
0,226,618
0,246,803
6,263,313
6,330,572
0,404,446
0,405,198
6,411,770
6,519,571
0,522,418
6,573,907
0,643,659
0,658,568
0,678,002
6,698,020
0,714,594
0,721,490
6,728,727
0,732,183
0,795,506
0,805,540
6,870,887
6,917,979
0,934,339
6,947,959
6,961,445
6,970,510
7,168,086
7,177,520
7,310,111
7,409,144
7,505,604
7,522,163
7,577,959
7,629,995
7,650,625
7,676,820
7,782,365
7,783,154
7,902,978

(2006.01)
(2006.01)

References Cited

U.S. PATENT DOCUMENTS

Sl gV P gV G Y Sl iV iV Y g

evfioole-ReeleeRoclorle-ReoRoohooloolerR ool

9/1996
3/1997
3/1997
3/1998
8/1998
8/1998
11/1998
12/1998
12/1998
1/1999
4/1999
7/1999
9/1999
11/1999
2/2000
4/2000
5/2000
7/2000
11/2000
4/2001
4/2001
5/2001
5/2001
6/2001
7/2001
12/2001
6/2002
6/2002
6/2002
2/2003
2/2003
6/2003
11/2003
12/2003
1/2004
2/2004
3/2004
4/2004
4/2004
5/2004
9/2004
3/2005
3/2005
7/2005
8/2005
9/2005
11/2005
11/2005
1/2007
2/2007
12/2007
8/2008
3/2009
4/2009
8/2009
12/2009
1/201
3/201
8/201
8/201
3/201

—_— O O O

Bingham et al.
Durflinger et al.
Karaki et al.
Wlaschin et al.
Craig
Anderson et al.
Adrain

Carlinetal. .................. 700/217

Vigneaux et al.
Guck

(inter et al.
Kanda
Wootton et al.
Cannon et al.
Srinivasan et al.
Anderson et al.
Conrad et al.
Curtis et al.
Fraenkel et al.
[.oveman et al.
Hoddie

Frink et al.
Downs et al.
(Gauch

Milsted et al.
Sitka

Bates et al.
Bitar et al.

[to et al.
(Guheen et al.
Yokomizo et al.
Madrane
Maclssac et al.
Ginter et al.
Frink et al.
Zi1gmond et al.
Dimitrova et al.
Yao et al.
Komine et al.
Graham

Zhang et al.
Faber et al.
Kauffman et al.
Dutra et al.
Kato

(ll

Jensen et al.
Wee et al.
Carpenter et al.
Zetts

Ramirez-Diaz et al.

McGrath et al.
Zakrzewski et al.
Holmes

Nguyen et al.
Salivar et al.
Watkins

Snijder et al.
[.evien et al.
Wilkins et al.

Pederson

EP
JP
P

P

7,952,609

8,135,852
2001/0034250
2001/0051927
2002/0035732
2002/0046292
2002/0052771
2002/0056123
2002/0069218
2002/0108115
2002/0122659
2002/0145622
2002/0194253
2003/0001885
2003/0005034
2003/0018978
2003/0025599
2003/0044162
2003/0084451
2003/0088877
2003/0135464
2003/0188019
2003/0229900
2004/0017471
2004/0059996
2004/0098754
2004/0131330
2004/0133467
2004/0136590
2004/0153504
2004/0168184
2004/0210823
2004/0216173
2004/0223606
2004/0247284
2004/0255329
2004/0268222
2004/0268224
2005/0005000
2005/0019005
2005/0049886
2005/0073585
2005/0074100
2005/0091311
2005/0149940
2005/0185634
2005/0195823
2005/0198125
2005/0210520
2005/0262535
2005/0262542
2005/0278425
2006/0047749
2006/0056732
2006/0143686
2006/0146184
2006/0156219
2006/0161635
2006/0205362
2006/0236221
2006/0259589
2006/0263039
2006/0274828
2007/0006177
2007/0022404
2007/0043860
2007/0043875
2007/0113184
2008/0043106
2008/0320599

B2
B2

AN AN A A AN A AN N AN N AN N A AN A AN A AN A A AN A AN AN AN A A AN A A AN A A A A AN A A AN A A AN A A A

5/2011
3/2012
10/2001
12/2001
3/2002
4/2002
5/2002
5/2002
6/2002
8/2002
9/2002
10/2002
12/2002
1/2003
1/2003
1/2003
2/2003
3/2003
5/2003
5/2003
7/2003
10/2003
12/2003
1/2004
3/2004
5/2004
7/2004
7/2004
7/2004
8/2004
8/2004
10/2004
10/2004
11/2004
12/2004
12/2004
12/2004
12/2004
1/2005
1/2005
3/2005
4/2005
4/2005
4/2005
7/2005
8/2005
9/2005
9/2005
9/2005
11/2005
11/2005
12/2005
3/2006
3/2006
6/2006
7/2006
7/2006
7/2006
9/2006
10/2006
11/2006
11/2006
12/2006
1/2007
1/2007
2/2007
2/2007
5/2007
2/2008
12/2008

Simerly et al.

Nilsson et al.
Chadha
[.ondon et al.

Zetts
Tennison et al.
Bacon et al.

Liwerant et al.
Sull et al.
Palmer

McGrath et al.
Kautffman et al.
Cooper et al.
Lin et al.

Amin

Singal et al.
Monroe

Angel

Pierzga et al.
[.oveman et al.
Mourad et al.
Wesley
Reisman

Suga et al.
Fasciano

Vella et al.
Wilkins et al.
Siler

Brouwer
Hutchinson et al.

Steenkamp et al.
Miura et al.

Horoszowski et al.
Enete et al.
Yamasaki
Compton et al.
Kawa et al.
Balkus et al.
Yoshimoto
Kim et al.
(Grannan et al.
Ettinger et al.
[Lederman
[und et al.
Calinescu et al.
Benco et al.
Chen et al.
Macleod Beck et al.
Horvitz et al.
Uchida et al.
DeWeese et al.
Wilsher et al.
Davis et al.
Holmes

Maes

(rillard et al.
Haot et al.
[Lamkin et al.
Chang et al.
McCausland et al.
[.erman et al.
Chiang
Siemens et al.
Alber et al.
Zhang et al.
Pabari
Brannon

Haot et al.
Hassapis
Raley et al.

FOREIGN PATENT DOCUMENTS

1864229

2000-341635
2001-346164
2004-088384

12/2007
12/2000
12/2001

3/2004



US 8,977,108 B2

Page 3
(56) References Cited OTHER PUBLICATIONS
David, “News Technology: The Cutting Edge,” Appears in Capturing
FOREIGN PATENT DOCUMENTS the Action: Changes in Newsgathering Technology, IEEE Col-
loquium, pp. 4/1-4/8, Oct. 27, 1995.
JP 2004-320667 11/2004
%8 %8:3;%32}? lgﬁggg Gordon-Till, “My Opinion 1s, Opinions are Useful,” Information
WO WO-00/29080 5/2000 World Review, Issue 184, four pages, Oct. 2002.
WO WO0-02/01384 1/2002

WO WO-2005/027068 3/2005 * cited by examiner



US 8,977,108 B2

Sheet 1 of 8

Mar. 10, 2015

U.S. Patent

2€1 MHOMLAN dS
ANYEavOyd

oC1 MYOMLAN
SSITIAHIM

f,””f ..... f__ﬂ. _”, ...................................... L ﬁ”x m m >(l_ &
ml LS s

- Moviaa b~ %
mm m AXO¥d
STl 67}
(LANYILNI| “O8) x4 p
MHOMLIN YLIVQ
HIAYIS
O3AIA
47 310N
iiiiiiiii <§55§J Niiiiiiiiiiiiii_
i _ |
L T “ H
dIAYIS C | (8M3AN3ES | !
VIA3IN ! 304N0sS3y | ! g334
m VLI
' CLL | GO}
w 60}
N ANION3 " / .
| MOTIMHOM |
= | (Sh3ANaES 433
- €L WILSAS 03I A

\ w MOTINHOM !

N NOLLYOIGNAS . g R R it 20}
— MH JAIHONY
AL VIQ3IN

HIAYIS col
dO.LI03 AHOLISOdTY QIHVYHS
AXO¥d
101 WHO41V1d SIDIAYIS VI
Vi 9l



HAAY1d
ugel -/ |20LI03 AXOYd

HIAV1d
u/gL -~ [H40LIa3 AXOHd

US 8,977,108 B2

daAV 1d MIAY I
epgl -/ [dOLId3d AXOdd e/g, -~/ [4OLIA3 AXOHd

v o —_— -

= GGl CC1

e~ AHJOMLAN S MYOMLIN

,_w H4NO1LSND MINOLSND

i

P,

\f, e e “1

~ ! 101 |

= “ NHO41Y1d !

— | S3DIAHIS !

~ VIQ3IN

= “ “
TST MYOMLIN
! 43dINOYd FOIAHIS !

dl Ol

U.S. Patent



‘IIIIIIIIIIIIIIIIIIIIIIIIIII

US 8,977,108 B2

MOTINHOM s
n ‘__
“ H3AINAA o A
| i
“ m
| i
- " JAOHddY ANY MIIATY L1z
— “ m
- _ ]
e | M
~ | w
P _ i
& _ i
7> " J00DSNYHL 607 p
" M 1103 t0e
\f _ i
= " m
! “ Vivaviaw aay 102 ¢
S “ M
r. m m T
< | m
" 103roYd LIg3 ¥3aN3y (430104 LOH) 07

3714 avO1dn ‘LSION] “0'8)
VIQ3W NIVLEO0

¢ 9l

U.S. Patent



US 8,977,108 B2

Sheet 4 of 8

Mar. 10, 2015

U.S. Patent

(NVS “b°8)
AH01ISOd3Y

Jd4VHS

€0l

JOV4d4.LN

d450N

eLe

SO€

J1NAJON LYINGO4 O3dIA

€0¢
JINAON 314 AXO¥d VIAIN

10¢

FTNAON NVIALS VIAdN JAI

01 J3Ad4S O4dIA

LLE

JAVIS
dOdA

00t

|dS

L0t

40003NIL
Ol

¢ Ol



US 8,977,108 B2

Sheet 5 of 8

Mar. 10, 2015

U.S. Patent

8¢

ddAV1d J011d

AXOdd

Gzl
(1INY3LNI] “O'9)
WHOMLIAN Y1VQ

uGgoy

IN4INOD

ALdVd qub

eG0v

IN4INOD

ALdVd qub

dA9OVNVIA LSSV

VLIDIA TVALEIA

cOv

INdINOD
TVNIOIHO

L0V

¥ Ol



ONA

US 8,977,108 B2

114 XAANI

ANQJAS V J41VHANID

l

Sheet 6 of 8

605

SdA

113 1dNOD
ONIQOONA

LG

Mar. 10, 2015

U.S. Patent

ON

S53400dd

ONIQOINA ONIFNA F1i4
X3ANI 1S4 31vddN

ddlS
ONIQHOOdd ONIFNA F 11
XAAN| LS4 V 1VHINAD

STVNOIS O4dIA
JJOONd ANV 4004

STVNOIS O4dIA JAIF0dd

LHVLS

L0Y

60§

£0G

10G

G Ol



]
an
=
= 609
)
e SAYIHHL ONIHOVYD
7P,
-

109
e JHOVD
= JNVH4 A3SSAHANODIAA
I
@ —
= (NVS “B9) 709

IHOYD 3714 O3AIA —
AHOLISOd3Y ) QvIyHL
qIYHS 43SSIHANOD “VIININODIS-NON |
JAILOVOHd "HONASY
nk —_—
~ | -
« €09
= INILINOD 3714 03AIA
= c0l
>
109 IHOYD

9 Ol

U.S. Patent



US 8,977,108 B2

Sheet 8 of 8

Mar. 10, 2015

U.S. Patent

4

NHOMLAN

Gl

611
~ JOV4YILNI
_ 1 NOLLYIINOD d0SS300dd
M \r\ 1 \/\
" 7y, 00/
“ !
m ~ SNg
m L0/ _ )
m 4 v
m 39IA3C AONEN
m JOVHOLS NOd Yo"
m 60. L0/ co/
.................................... wwwu---------------------------------h
00/

Gl
TOYLNOD
dosuny
30IA3d €L
IndNl |~
i
AVidsia |
L Ol



US 8,977,108 B2

1

DIGITAL MEDIA ASSET MANAGEMENT
SYSTEM AND METHOD FOR SUPPORTING
MULTIPLE USERS

RELATED APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 11/517,016, filed Sep. 7, 2006, and claims the

benefit of the earlier filing date under 35 U.S.C. §119(e) of
U.S. Provisional Patent Application Ser. No. 60/714,674,
filed Sep. 7, 2003, entitled “Method and System for Support-
ing Media Services,” and 1s a continuation-in-part of U.S.
application Ser. No. 11/475,603, filed Jun. 27, 2006, entitled
“Database System, Particularly For Multimedia Objects,”
which 1s a continuation of U.S. patent application Ser. No.
10/311,903, filed Feb. 13, 2003, entitled “Database System,
Particularly for Multimedia Objects,” which 1s a national
stage application of PCT/GB01/02857/ filed Jun. 277, 2001; the

entireties of which are incorporated herein by reference.

BACKGROUND OF THE

INVENTION

The media or broadcast industry has traditionally been
confined to technologies that are expensive and an intlexible
with respect to editing, production and delivery of media
(e.g., video). By contrast, the communications affords great
flexibility 1in terms of providing users with alternative net-
works and rich communication and entertainment services. In
addition, the cost of equipment, from networking elements to
end user equipment, follows a downward trend as advance-
ments are made; for example, cellular phones are ubiquitous
because of their affordability. The capabilities of these
devices continue to evolve at a rapid pace; e.g., cellular
phones are now equipped with high resolution displays and
advanced processors to support sophisticated applications
and services. Further, broadband data communications ser-
vices have enabled transmission of bandwidth intensive
applications, such as video broadcasts (e.g., web casts). The
transformation of the communications industry has 1n turn
influenced the media industry to rethink their business mod-
¢ls and technological approaches.

However, 1n adopting these advances 1n communication
technologies, the media industry faces a number of chal-
lenges. For instance, the 1ssue of convergence of a broadband
rich media experience and live television production and
delivery needs to be addressed. Also, the demands of support-
ing real-time news, video on demand, user personalization,
and continuing creative additions to initial systems pose addi-
tional engineering challenges. Further, delivery of interactive
media (which describe real events in the real world 1n real-
time) requires the capability to quickly acquire, store, edit,
and composite live and other descriptive media by numerous
users, e.g., editors, artists, and producers.

Based on the foregoing, there 1s a clear need for approaches
that enable rapid processing and delivery of digital media.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention 1s illustrated by way of example, and
not by way of limitation, in the figures of the accompanying,
drawings and 1n which like reference numerals refer to similar
clements and 1n which:

FIGS. 1A and 1B are diagrams of a media services plat-
form for supporting multi-tenancy, according to one embodi-
ment of the present invention;
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FIG. 2 1s a diagram of a workilow process utilized in the
system of FIG. 1A to edit digital media, according to one

embodiment of the present invention;

FIG. 3 1s a function diagram of a video server 1in the system
of FIG. 1A, according to one embodiment of the present
invention;

FIG. 4 1s a diagram of wvirtual digital asset manager
(VDAM) for storing digital media, according to an embodi-
ment of the present invention;

FIG. 5 1s a flowchart of an indexing process to enable
distributed editing over a data network, according to an
embodiment of the present invention;

FIG. 6 1s a diagram of a cache architecture for storing
media, according to an embodiment of the present invention;
and

FIG. 7 1s a diagram of a computer system that can be used
to implement various embodiments of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

An apparatus, method, and software for providing editing
of digital media are described. In the following description,
for the purposes of explanation, numerous specific details are
set forth in order to provide a thorough understanding of the
present invention. It 1s apparent, however, to one skilled 1n the
art that the present invention may be practiced without these
specific details or with an equivalent arrangement. In other
instances, well-known structures and devices are shown 1n
block diagram form 1n order to avoid unnecessarily obscuring
the present invention.

Although the various embodiments of the present mnven-
tion are described with respect to the Motion Picture Expert
Group (MPEG) standards and Group of Pictures (GOP) tech-
nologies, it 1s contemplated that these embodiments have
applicability to other equivalent video encoding standards
and technologies.

FIG. 1A 1s a diagram of a media services platform for
supporting distributed editing and storage of digital media,
according to one embodiment of the present invention. The
media services platform 101 provides an integrated media
asset management platform with a fully modular architecture
that enables users (e.g., customers, subscribers, etc.) to
deploy the platiorm on a module-by-module basis as well as
worktlow-by-workilow. Media asset management functions
include archiving, mastering of long-form content for video-
on-demand (VOD) distribution, digital content aggregation
and distribution. The platform 101 also supports remote
proxy editing using a proxy editing application as executed by
a proxy editor server 102, thereby permitting fast-turnaround
broadcast productions. The editing application utilizes low-
resolution version of the video content for the purposes of
editing; hence, the editing application 1s referred to as a
“proxy editor.” To support the above features and functions,
the media services platform 101 enables multi-channel dis-
tribution of digital content to any variety and number of
devices and networks—e.g., wireless mobile devices, broad-
band, Internet Protocol Television (IPTV), and traditional TV
plattorms—thereby, reducing costs and increasing revenue
over conventional systems. The architecture of the media
services platform 101, according to one embodiment of the
present 1nvention, supports compact to enterprise-scale
deployments, and ensures that storage and processing capa-
bilities are robust and scalable, suitable for mission-critical
broadcast operations.

It 1s recognized that there 1s an increasing need for profes-
s1onal, cost-effective editing of video feeds, such as television
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coverage ol news or entertainment events, wherein the edited
files can be provided over diflerent alternative networks. For
example, a user of a video enabled mobile cellular telephone
might subscribe to a service that provides highlights of
selected sporting events. Similarly, a user might subscribe to
a sports headlines service, and recerve files on a computer
connected to a public data network, such as the global Inter-
net. The real time delivery of events such as sports footage,
interviews and edited highlights presents problems 1n such
contexts, where 1t 1s necessary to produce compressed files to
reduce the bandwidth for transmission over a cellular tele-
phone network or a data network. Video files for such pur-
poses need to be produced 1n an encoded format using, for
instance, Group of Picture (GOP) technology, otherwise the
raw digital stream would render timely transmissions and file
storage impractical.

Thus, a video stream 1s created to include a sequence of sets
of frames (1.e., GOP). By way of example, each group, typi-
cally 8 to 24 frames long, has only one complete frame
represented 1n full. This complete frame 1s compressed using,
only intraframe compression, and thus 1s denoted as an I
frame. Other frames are utilized and include temporally-com-
pressed frames, representing only change data with respect to
the complete frame. Specifically, during encoding, motion
prediction techniques compare neighboring frames and pin-
point areas of movement, defining vectors for how each will
move from one frame to the next. By recording only these
vectors, the data which needs to be recorded can be substan-
tially reduced. Predictive (P) frames refer to the previous
frame, while Bi-directional (B) frames rely on previous and
subsequent frames. This combination of compression tech-
niques 1s highly effective i reducing the size of the video
stream.

With GOP systems, an 1ndex 1s required to decode a given
frame. Conventionally, the index 1s only written at the end of
the file once the file has completed the encoding process. As
a result, no index 1s available until the recording 1s completed.
The implication 1s that the production of an edited version of
the file, for example to transmit as highlights over a cellular
phone network, cannot commence until the recording 1s com-
pleted and this index file produced. The media services plat-
form 101 addresses this drawback by creating a separate
index file, which can be supplemental to the routinely gener-
ated 1index file, during the recording and encoding process;
this mechanism 1s detailed with respect to FIG. 5.

Accordingly, the platform 101, 1n an exemplary embodi-
ment, can provide remote editing over any data network (e.g.,
Internet Protocol (IP)-based) that can support connectivity to
the proxy editor server 102, whereby editing can commence
without having to wait for completion of the recording. The
proxy editor application resident on the server 102 enables
developers to build professional-level desktop video editing
applications using, for example, the Microsoit Windows
Media 9 Series platiorm.

The platform 101 also provides significant scalability due
to decoupled storage. Conventional editing systems required
direct disk access to the video file. This poses a severe scal-
ability 1ssue, as every editing function (e.g., play, scrub, etc.)
from the editing client creates disk traffic. If the storage
cannot timely respond, a conventional editing application
often freezes or crashes, such a scenario 1s unacceptable for
real time feeds. With the media services platform 101, the
content 1s downloaded once on each client cache; thus, the
centralized storage requirements are reduced by a very sig-
nificant factor (depending on editing type).

As seen 1n FIG. 1A, the media services platform 101 uti-
lizes a shared repository 103 that stores media (e.g., digitized
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4

video) content ingested from one or more video servers 105.
Ingesting involves obtaining content into the media services
plattorm 101, and can be accomplished locally or from a
remote location. In one embodiment of the present invention,
the repository 103 1s deployed as a shared Storage Area Net-
work (SAN) or NAS (Network Area Storage), which has the
capability for high-performance video ingest and playback.
The shared SAN 103 can utilize scalable Fibre Channel
switch fabric to interface with a Fibre Channel disk array and
nearline tape libraries. The video servers 105, as will be more
tully described in FIG. 3, can interface any type of content
sources, such as a media archive 107, a live feed 109, or a
digital feed 111.

The media services platform 101 includes a worktlow sys-
tem 113, which comprises a workflow engine 115 and one or
more resource servers 117 to support editing and distribution
of digital media. The automated workilow provides the ability
to automate and orchestrate repetitive workilows. In particu-
lar, the workilow system 113 oflers users an overview of their
work and associated events; that 1s, the system 113 supports
an application that shows the status and progress of each job
and links to relevant applications that enable the users to
perform their tasks and advance the project towards comple-
tion. The workflow engine 115 controls workilow jobs and
dispatches them to the resource servers 117. Communication
among the resource servers 117 1s facilitated by, for example,
Microsoit Message Queuing.

In addition to providing individual users a central point for
managing their work, the worktlow system 113 1s also usetul
as a monitoring system. For example, the system 113 can
support a graphical user interface (GUI) on the user side, such
that users can quickly determine through visual indicators
whether tasks have been completed or error conditions exist.
Theusers (e.g., administrators ) can “drill down” to view more
detail. Also, jobs can be paused, restarted ({from any stage),
aborted and deleted from the worktlow application. This
capability provides users with full control over the priority of
the jobs. Additionally, the system 113 can record timing infor-
mation for every step of a task, thereby enabling generation of
reports on delivery turnaround etc.—e.g., for Service Level
Agreement (SLA) reporting.

According to one embodiment of the present invention, the
media services platform 101 can be implemented with a pre-
configured, standard set of common worktlows. For instance,
these workilows can support generic delivery of files, render-
ing of edits and delivery of content from the video server 105.
Moreover, customizable workflows are supported, wherein
the users can integrate new services.

As shown, the media services platform 101 comprises core
servers, such as an object store 119, a media server 121, and
an application server 123. In an exemplary embodiment, the
object store 119 contains configuration information for the
workflow system 113. Configuration information include, in
an exemplary embodiment, parameters of every service, the
capabilities of every resource server 117, the definition of
workflows, and the real time status of every job. The object
store 119 supports the various applications that interface with
it through an object store Application Program Interface
(API). According to one embodiment of the present inven-
tion, the object store 119 has an object-based database
schema (e.g., Microsolt SQL (Structured Query Language)
Server, for example. The media server 121 receives stream
broadcasts and serves the stream on to individual user work-
stations using, for example, Microsoft Windows Media. The
stream contains, for example, Society of Motion Picture and
Television Engineers (SMPTE) timecode, enabling the
stream to be used as a frame-accurate source for live logging.
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The application server 123 provides dynamic web site cre-
ation and administration functions, such as a search engine,
and database capabilities. In an exemplary embodiment, the
application server 123 executes Microsoit Internet Informa-
tion Server (1IS), and can be configured for high availability
and load-balancing based on industry standard components.

The media server 121 and the application server 123 inter-
face with the data network 125, which can be a corporate
network or the Internet. The application server 123 1s thus
accessible by a workstation 127, which can be any type of
computing device—e.g., laptop, web appliance, palm com-
puter, personal digital assistant (PDA), etc. The workstation
127 can utilize a browser (e.g., web-based), generally, to
communicate with the media services platform 101, and a
downloadable applet (e.g., ActiveX controls) to support dis-
tributed video editing functionality. The browser 1n conjunc-
tion with the applet 1s referred to an editing (or editor) inter-
face—e.g., the proxy editor player 128. The workstation 127
can also be equipped with voiceover microphone and head-
phones to facilitate the editing process. The proxy editor
player 128 communicates with the proxy editor server 102 to
enable the viewing and editing of content, including live
video, remotely. Editing functionalities include immediate
access to frame-accurate content, even while being recorded,
tull audio and video scrubbing of source clips and edit time-
lines over the network 125, and generation of Advanced
Authoring Format/Edit Decision List (AAF/EDL) files for
craft edit integration.

To connect to the media services plattorm 101, the work-
station 127 need not require special hardware or software. As
mentioned, the workstation 127 need only be configured to
run a browser application, e.g., Internet Explorer, for com-
munication over the data network 125. With this user inter-
face, changes or upgrades to the workstation 127 are not
required, as all the applications are hosted centrally at the
platform 101.

In addition to the video server 105 within the media ser-
vices platform 101, a remote video server 129 can be
deployed to 1ngest content for uploading to the platform 101
via the data network 125. The video servers 105, 129 include,
in an exemplary embodiment, a longitudinal timecode (LTC)
reader card as well as other video interfaces (e.g., RS-422
control card, Windows Media 9 Encoder and Matrox DigiS-
erver video card). Video editing relies on the use of timecodes
to ensure precise edits, capturing all 1n “in points” and “out
points” of the edits. An edited video can be characterized by
an edit decision list (EDL), which enumerates all the edits
used to produce the edited video. LTC timecodes are recorded
as a longitudinal track, analogous to audio tracks. With L'TC,
cach frame time 1s divided into 80 bit cells. LTC timecodes are
transmitted serially in four-bit nmibbles, using Manchester
codes.

The video servers 105, 129 can be remotely controlled by
the workstation 127. Also, these servers 105, 129 can connect
to the shared SAN 103 via Fibre Channel and a file system by,
e.g., ADIC™,

A syndication (or distribution) function 131 can then dis-
tribute content over various channels, such as a wireless net-
work 133 (e.g., cellular, wireless local area network
(WLAN)), atelevisionnetwork 135, and a broadband Internet
Service Provider (ISP) network 137. Depending on the capa-
bilities supported by the wireless or wired access network
(e.g., networks 133 and 137), rich services, such as presence,
events, 1nstant messaging (IM), voice telephony, wvideo,
games and entertainment services can be supported.

Although the video server 105, the worktlow engine 115,
the object store 119, the media server 121, and the application
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server 123 are shown as separate components, 1t 1s recognized
that the functions of these servers can be combined in a
variety of ways within one or more physical component. For
example, the object store 119, the application server 123, and
the workilow engine 115 can reside within a single server; and
the video server 105 and the media server 121 can be com-
bined into a common server.

As mentioned above, the media services platform 101
enables media asset management, rapid production, and
robust, cost-effective proxy editing capabilities. By way of
illustration, management of media assets to support broad-
band video on demand (VOD) 1s described. One of the first
tasks mvolved with VOD applications 1s ingesting full length
movies mnto the video servers 1035 for mastering and editing
(e.g., removing black, stitching tapes together, adding legal
notices etc). The masters are then stored on the shared SAN
103. The content 1s then transcoded to a high quality media
stream format, such as Microsoft Windows Media 9 Series,
and delivered automatically with metadata to their broadband
video pay-per-view portal (e.g., any one or more of the net-
works 133, 135 and 137).

Additionally, the media services platform 101 can offer
video archiving services. For instance, customers can extend
their online storage with nearline tape and manage content
seamlessly across multiple storage devices using add-on
archive modules. Online storage can be backed up and/or
migrated to tape according to automated policies. Advanta-
geously, this archival approach can be transparent to the
users; that 1s, the users are never aware that the master video
1s no longer stored on expensive disk-based storage. In one
embodiment, a library application can be implemented with
the media services platform 103 to provide secamless integra-
tion with offline video and data tape archives. Further, the
media services plattorm 101 provides high integration with
existing production workflows through its capability to
transcode and deliver any content contained 1n the archive to,
for example, popular non-linear editors (e.g., AVID™ editor).

Furthermore, the media services plattorm 101 enables tlex-
ible, cost-effective content aggregation and distribution,
which 1s suitable for content service providers. Typical work-
flows 1nvolve aggregation of content from owners 1n such
formats as Motion Pictures Expert Group (MPEG)-2 or Win-
dows Media 9, along with metadata 1n eXtensible Markup
Language (XML) files, using pre-configured File Transfer
Protocol (F'TP) hot folders. “Hot folders™ are predefined fold-
ers that trigger a worktlow event (e.g., file conversion, com-
pression, file transier, etc.) upon movement of files into the
folder. These owners can submit content directly to the work-
flow system 113 for automatic transcoding, Digital Rights
Management (DRM) protection and syndication to multi-
channel operators.

According to one embodiment of the present invention, the
media services platform 101 utilizes a unified user interface
(e.g., web browser) for accessing applications supported by
the platiform 101. It 1s recognized that typical production and
content delivery worktlows often involve the use of multiple
separate applications: one application for logging, a second
application for encoding, a third one for editing, a fourth
application for asset management, and so on. Consequently,
the challenge of effectively managing worktlows 1s diflicult.
The task 1s even more daunting in a multi-channel production
and distribution environment, as greater elements need to
coordinated and more applications have to be learned over
traditional television environments.

The media services platform 101 advantageously simpli-
fies this task by permitting access to the multitude of appli-
cations via a single unified user interface as part of a coherent
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worktlow. In this manner, although various technologies are
involved, the user experience 1s that of a single, user-iriendly
suite of tools, which shield non-technical users from the
complex integration of applications and technologies.

The applications supported by the platform 101 1include the
following: media asset management and search, video edit-
ing, video server services, workiflow, syndication, upload of
media, library service, administration, quality assurance,
copyright protection, music cue sheet services, and reporting.
In addition, the users can develop their own applications
within the unified user interface. Asset management permits
users to manage the location of content within organized
tolder structures and categories. This capability 1s more fully
described with respect to FIG. 4. The asset search function
offers a generic search capability across the entire object store
119.

The media services platform 101 also provides a flexible
and cost-effective approach for proxy logging and editing of
live and archive maternial. Such editing services can be 1n
support of news and sport editing, archive browsing and edit-
ing, mobile, broadband and IPTV production and mastering,
and promotion production. The editing application provides
viewing and logging of live feeds, frame-accurate proxy log-
ging and editing, and remote proxy editing (e.g., utilizing
Windows Media 9 Series proxy format). In addition, the
editing application can support instant logging and editing
while the feed 1s recording, as well as audio and video scrub-
bing. This editing application includes the following capa-
bilities: edit timeline with effects; voiceover (while editing
remotely—which 1s 1deal for translation workflows); save
edit projects with versions; generate thumbnail and metadata
from within the editing user 1nterface; and export EDL’s or
render fimshed edits ready for transcoding and delivery. With
this application, a user, through an inexpensive workstation
127, can elliciently master a movie for VOD distribution,
rough-cut a documentary, or create a fully-finished sports
highlight video with voiceover and etiects.

The media services platform 101, in an exemplary embodi-
ment, utilizes a Windows Media 9 Series codec, which allows
high quality video (e.g., DVD-quality) to be logged and
edited across the data network 125. Further, the platform 101
employs intelligent caching to ensure that the applications are
as responsive as editing on a local hard drive, even over
low-bandwidth connections; the caching architecture 1is
described below with respect to FI1G. 6.

The syndication application automates the creation and
delivery of content and metadata to very specific standards for
a range of target systems without manual intervention.

The upload application allows users to mgest digital files
into the media services platiorm 101 and submit them to any
permitted worktlow. The users (with administrative respon-
sibilities) can control which file types are allowed, which
workilows are compatible, and the way 1n which different
types of content are processed. The upload application can
facilitate submission of the files to automatic worktlows for
hands-oil end-to-end processing as well as to manual work-
flows that require manual intervention.

The upload application 1s complemented by a hot folder
system, wherein worktlow activities are automatically initi-
ated upon movement of {iles mto and out of the hot folders.
The file system folders can be pre-configured to behave like
the upload application and pass files of particular types to the
workilows. Metadata for each asset provided 1n accompany-
ing XML files can be acquired and mapped directly into the
object store 119.

The reporting application enables users to create “printer-
triendly” reports on any information stored in the object store
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119. The reporting application 1s pre-configured with a num-
ber of default reports for reporting on content delivery. Users
can filter each report by selecting a desired property of the
data, e.g., subscription name, or start and end date. Through
the API of the media services platform 101, users (and system
integrators) can create new report templates and queries.

The library application offers the ability to manage physi-
cal media that contain instances ol assets managed 1n the
media services platform 101. Even with continuing expan-
s1on 1n the use of digital media, traditional media continue to
play an important role. Typical production environments pos-
sess a number of video tapes, DVDs or other physical media
for storing content and data. Some environments utilize large
established archives.

In mixed media environments, 1t 1s beneficial to manage
digital and physical instances of content 1n an integrated
manner. Accordingly, the library application provides the fol-
lowing capabilities. For example, the application permits the
user to generate and print barcodes for the physical media and
shelves, with automatic naming as well as bulk naming (with
configurable naming conventions). Also, barcodes are
employed for common actions, thereby allowing completely
keyboard-iree operation for checking in/out and shelving of
the physical media. The library application additionally can
manage 1tems across multiple physical locations, e.g., local
and master libraries. Further, the application supports PDA -
based applications with a barcode scanner for mobile check-
ing 1n/out and shelving. The library application advanta-
geously simplifies management of multiple copies of the
same asset on several physical media and storage of multiple
assets on the same tape or DVD. The library application can
further be used 1n conjunction with robotic tape libraries to
track tapes that have been removed and shelved.

Moreover, the media services platform 101 provides an
administration function to tailor system configuration for dii-
ferent customers. It 1s recognized that a “one size fits all”
configuration for all users 1s non-existent. That 1s, each user,
department, organization and customer has its own set of
requirements. Therefore, the media services platform 101
supports concurrent use of multiple configurations. For
example, each deployment can configure to its own user
groups, create new workflows, integrate new services, sup-
port new content types, and specily new output media for-
mats. The customer can also change and add metadata struc-
tures and fields, and integrate existing web-based
applications 1nto the user interface. The above capabilities
can be executed, via the administration application, with
immediate eflect without shutting down the platform 101.
Additionally, 1n a multi-department deployment scenario,
multiple logical instances of the media services platiform 101
can be configured with their own umique configurations.

According to one embodiment of the present invention, the
media services platform 101 can be implemented as a turn-
key system within a single box—e.g., mn-a-box flight case.
Under this configuration, there 1s no need for a costly and
time-consuming IT (information technology) integration
undertaking to rack the components or integrate them into the
customer’s network. Under this arrangement, the platform
101 1s be configured as a plug-and-play system, connecting to
the network automatically.

FIG. 1B shows a diagram of the media services platform
configured to support multi-tenancy. Under this scenario, the
plattorm 101 1s implemented as a hosted environment,
whereby the platform 101 is located and maintained within a
service provider network 151. The media services platiorm
101 can be configured to serve numerous customers of the
service provider. Each of the customer networks 153, 155 can
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employ one or more proxy editor players 157, 159, respec-
tively. Further, 1t 1s contemplated that this multi-tenancy
capability can facilitate the ability to permit different custom-
ers to work on common editing projects.

With this multi-tenant arrangement, the service provider
can better utilize system resources, and more cost effectively
supply the remote editing service.

FIG. 2 1s a diagram of a workflow process utilized in the
system of FIG. 1A to edit digital media, according to one
embodiment of the present invention. For the purposes of
explanation, the workflow capability of the media services
platform 101 1s described with respect to the video editing
application. In step 201, the media that 1s to be edited 1s
obtain; the media can undergo an ingest process or simply
exists as a digital file that can be uploaded (using the upload
application as earlier explained). Ingesting 1s the process of
capturing content into the media services platform 101 and
can occur locally or remotely with respect to the platform
101. ITf uploaded, the user delivers the project to selected hot
folders that automatically define categorization.

The media 1s then edited, per step 203. By way of example,
the user, utilizing the proxy editor player 128 (which 1s the
counterpart software to the proxy editor supported by the
media services platform 101) on the workstation 127, can
select and log the feed (assuming a live feed which 1s always
visible), either marking 1n and out points manually or using an
auto-clip feature for rapid logging. The user can also insert
commentary and assign a rating to the video for determining
which segment of the content 1s the most compelling content,
thereby providing an indication of the selected clips that
should be edited. During or after logging, the user can select
clips from the log and use the proxy editor player to trim the
selection. For example, the user can jog and shuttle along a
timeline, or utilize a mouse wheel to scroll frame by frame to
the desired cut point. The user can then preview the selection
betore placing it on the edit timeline. Thereatter, the user can
manipulate the clips on the timeline, reorder and trim the
selections. The proxy editor player 128 can permait the user to
apply zoom and crop effects to close 1 on areas of interest;
this capability 1s particularly valuable for broadband or
mobile outputs where detail 1s important. The user can record
a voiceover directly onto the timeline, thereby completing the
edit.

The edit 1s then rendered, as in step 205, as part of a
workilow. In an exemplary embodiment, the edit 1s rendered
using a high-resolution MPEG-2 master. Alternatively, an
associated EDL 1s delivered to an integrated craft edit for
completion. The media services platform 101 can support
various workflows for crait editor integration, such as, store
and forward, and instant editing. As for the store and forward
approach, the content can be viewed, logged and edited using

the proxy editor mto packages for automated transcoding
(from master MPEG-2) and delivery to popular non-linear
editing systems (e.g., AVID Unity and AVID Media Com-
poser, Adobe Premiere, Apple Final Cut Pro, Media 100,
1F1nish, Pinnacle Liquid and Vortex). With respect to instant
editing, using the proxy editor player 128, the user can
execute an ingest of a live feed, which can be viewed, logged
and edited. The user can then export an EDL to a craift editor,
which can be a third party craft editor (e.g., Incite Editor E3)
that 1s integrated with the media services platform 101. When
imported into Incite, the timeline 1s rebuilt frame-accurately,
pointing to the MPEG-2 master on the shared SAN 103. Once
the edit 1s complete, the crait editor creates a new MPEG-2
digital master, which 1s automatically re-ingested back into
the platform 101 when dropped 1n an appropriate Hot Folder.
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It 1s noted that the above process can occur while the video
teeds are still being recorded, thus enabling the quickest
possible turnaround of content for broadcast programs (e.g.,
sports and news).

In step 207, metadata 1s added. The file 1s transcoded (per
step 209) and reviewed and/or approved (step 211). Thereat-
ter, the edited filed 1s delivered, per step 213. The last stage in
the worktlow 1s the delivery of content files and metadata to
other systems (e.g., networks 133, 135, and 137) that are
responsible for delivery of content to consumers. The syndi-
cation application of the media services platform 101 pro-
vides the automated delivery of the content and metadata. The
media services platform 101 operates on a “set 1t and forget 1t™
principle. In other words, once a configuration 1s specified, no
other 1nput 1s required thereaiter. For instance, a configura-
tion of a new subscription 1s set to the required content cat-
egories, the technology used to create each file as well as the
specific set of parameters are specified, and the file-naming
conventions and delivery details are indicated. Every subse-
quent delivery from the workilow application simply imple-
ments the subscription when the correct criteria are met.
Whenever the user requires a new output format, the user can
specily the various configuration parameters, icluding the
codec, frame rate, frame size, bit rate, and encoder complex-
ity.

It 1s noted that any technology plugged into the worktlow
system 113 can be automated—e.g., for pre-processing,
transcoding, DRM protection, watermarking, delivery, or any
other purpose required.

The above worktlow process can be 1llustrated in the fol-
lowing example mvolving a sports production. Under this
scenario, a customer produces, on a weekly basis for instance,
multiple fully-edited football match highlights every week
for mobile operators (utilizing Third Generation/Universal
Mobile Telecommunications System (3G/UMTS) technolo-
gies). The customer requires a two minute voiced highlight
package be delivered to the operators within 4 minutes of the
end of each game for these concurrent matches. This require-
ment can be achieved with the media services platform 101,
whereby live broadcast feeds are recorded using the video
servers 105. Producers edit and log the media using the proxy
editor application (e.g., player 128) during recording of the
matches. Once the matches are over, they simply select a
deliver button presented by the proxy editor player 128. The
workflow system 113 automatically renders the proxy edit
using, for instance, a MPEG-2 50 Mbps I-frame master,
before automatically transcoding the edit into the mobile
formats requested by the operators and delivering the content
and metadata XML to their content distribution networks. In
this manner, the mobile subscribers can purchase and view
the video clips on their mobile handsets within minutes of the
end of each game.

According to one embodiment of the present invention, the
media services platform 101 can be integrated with a news-
room computer system and playout video server. The video
server 105 1ngests content from live feeds or tape, and jour-
nalists and producers throughout the news organization can
instantly start to log and edit the live feeds from their desktop
using the proxy editor player 128. Finished edits are rendered
and transcoded direct from the proxy editor application to a
gallery playout video server. Notification 1s automatically
sent to the newsroom computer system and automation sys-
tem when every new package 1s available.

FIG. 3 1s a function diagram of a video server 1in the system
of FIG. 1A, according to one embodiment of the present
invention. As mentioned, the video server 105, among other
functions, 1s capable of handling live broadcast video 1n a
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flexible, feature rich and cost-efifective manner. In this
example, the video server 105 can be slaved by a Video Disk
Communications Protocol (VDCP)-compliant automation
system. It 1s noted that the video server 105 can support both
National Television System Committee (NTSC) and Phase
Alternating Line (PAL) standards. The video server 105 1s
controllable from any user workstation (e.g., workstation
127) without geographical constraint. The video server 105
can 1n turn control, for instance, an attached video tape
recorder (VIR) over an RS-422 interface, thereby allowing,
frame-accurate recording and lay back to tape, and preserving
timecode through the entire process.

In one embodiment, the video server 105 includes a live
media stream module 301, a media proxy file module 303,
and a video format module 305. The live media stream mod-
ule 301 communicates with the user interface 313 to provide
logging and monitoring functions. The media proxy file mod-
ule 303 supports the capability to perform editing functions
during recording of the video. The video format module 305
converts a raw video stream into a standardized format—
MPEG-2, for example. The modules 303 and 305 interface
the repository 103 to store the ingested contents.

As shown, the server 105 can support various input
sources: an LTC time code source 307, a Serial Digital Inter-
tace (SDI) source 309, and a VDCP slave source 311. The
video server 105 can generate multiple outputs in real-time
from the SDI source 307, in contrast to conventional video
servers which generate only a single output. The modules
301, 303, 305 generate three types of outputs. One output 1s
that of MPEG-2, 1n which the user can select between long-
GOP and I- frame for each server, ranging from DVD- quahty
S Mbps long-GOP to 50 Mpbs I-frame only. The audio 1s
captured at 48 kHz, for instance. The live media stream mod-
ule 301 can generate a live media stream (e.g., Windows
Media 9 Series) for broadcast over a network (e.g., networks
133-137 of FIG. 1A) to one or more media servers (e.g.,
media server 121), which serve the stream on to individual
user workstations. The stream can include SMPTFE timecode,
thereby providing a frame-accurate source for live logging.

Finally, the media proxy file module 303 can produce afile
(e.g., Windows Media proxy file) for storage in the SAN 103.
The proxy editor permuits this file, according to one embodi-
ment, to be opened for viewing and editing while the file 1s
still being written. Thus, in conjunction with the proxy editor,
the video server 105 supports fast-turnaround production of
live events without the need for dedicated high-bandwidth
networks and expensive edit suites, and without sacrificing,
quality or functionality.

In addition to the robust video editing functionality, the
media services platform 101 provides management of the
digital assets, as next explained.

FIG. 4 1s a diagram of wvirtual digital asset manager
(VDAM) for storing digital media, according to an embodi-
ment of the present invention. The virtual asset manager 401
(e.g., object store 119) ensures that the digital archive can be
tully integrated into the production worktlow, including desk-
top proxy viewing, logging and editing, crait editing, and
delivery. For example, sections of an archive MPEG-2 master
can be selected using a low-resolution proxy and exported to
an AVID editor or AVID Unity (the files can be transcoded and
delivered automatically via Telestream FlipFactory).

The library application, as earlier described, provides
physical asset management (e.g., tape check-in, check-out,
shelving and barcode printing, etc.) to connect physical tape
content with its digital equivalent stored 1n the repository 103.

The asset manager 401 enables frame-accurate remote
browsing, logging and selection of thousands of hours of
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archive content from anywhere on the Internet or a private
corporate WAN (e.g., data network 125). The asset manager
401 allows users to manage the location of content within
organized folder structures and categories. Content can be
modified, deleted, copied, pasted and added through this
application. Folders can store any asset type configured by
administrators, from audio and video to ringtones, images
and documents.

The asset manager 401 also offers a flexible search capa-
bility for the object store 119. Users can search across their
own work and that of others, thus facilitating sharing and
simple retrieval of content. Further, other applications within
the media services platiorm 101 can utilize this asset search
capability, as to provide a consistent and recognizable func-
tion (1.e., common dialog) across these applications.

The object store 119 enables the asset management capa-
bility of the media services platform 101, permitting users
(e.g., admimstrators) to change the fields and forms associ-
ated with an asset at any point by utilizing the proxy editor
player 128. Under this approach, adapting the platform 101 to
satisly changing user requirements does not require expen-
stve database administrators.

In this example, the virtual digital asset manager 401 accu-
mulates content from a variety of content databases 403 and
403, and thus 1s considered “virtual.” A customer can generate
its own content, which can be stored 1n the original content
database 403. In addition, the content of one or more third
party content providers can be offered by the asset manager
401. Accordingly, the VDAM 401 enables tying of business
partners (e.g., third party content providers), thereby enhanc-
ing the distribution of digitized assets. In an exemplary
embodiment, the content owner can push content into the
virtual digital asset manager 401 over the world wide web
(e.g., network 125). The virtual digital asset manager 401 can
also provide private storage of asset data, and facilitate pub-
lishing of the content. In addition to being configured as an
asset manager, the VDMA can act as a directory server of all
the assets provided by users.

Furthermore, 1t 1s contemplated that the virtual digital asset
manager 401 can provide advertisement and transaction sup-
port. That 1s, a user can produce a video file that includes the
stored content as well as advertisements; the manager 401
then tracks transactions relating to the retrieval and/or view-
ing of the edited video file. In this manner, the customer has
the capability to charge or otherwise account for such ser-
VICES.

Effectively, the VDAM supports a “most needed” based
approach, rather than a “most requested” based approach of
convention systems. In accordance with one embodiment of
the present invention, the virtual digital asset manager 401
can be implemented external to the media services platiorm
101 as an independent system.

FIG. 5 1s a flowchart of an indexing process to enable
distributed editing over a data network, according to an
embodiment of the present invention. Conventionally, to sup-
port editing, an index file 1s generated for addition to the end
of the video file. The media services platform 101 provides a
mechanism, whereby during recording and encoding of a
video file, editing can be concurrently performed. This 1s
cnabled by created of a supplemental index file that 1s sepa-
rate from the conventional index file. The separate index file
1s updated dynamically at intervals during recording and
encoding. This index can be added to the video file when
recording and encoding has been completed; optionally, the
separate index file can then be deleted. Video frames for use
in the editing process are created using data in the video file
and the separate 1index {ile.
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In step 501, video signals are received by the platform 101;
namely, through the video server 105. The video signals are
thenrecorded and encoded, as 1n step 503. In step 505, the first
index file 1s generated during the recording. This first index
file 1s updated during the encoding process (step 507). In
other words, while the video file 1s being recorded and sub-
jected to encoding (e.g., GOP encoding), a separate index file
1s created and updated at regular intervals during the encoding
process. Typically, the updating of the index file can occur
every half a second. If the encoding process 1s complete (as
determined 1n step 509), then a second index file (i.e., con-
ventional index file) 1s generated, as 1n step 511. Otherwise,
the update of the first index file 1s continued.

If the editing application attempts to connect to a video file
and cannot locate the index at the end of the file, the applica-
tion will look automatically for the separate index file. The
index file could be assigned the same name as the basic video
(or media) file, but with a different extension—although map-
ping to any name of file could be used. If an appropriate index
file (which can indicate a different file extension than the
video file) 1s found, the editor uses this external index to
play/render the file, which 1s still being recorded. This results
in the editor being able to access content rapidly (e.g., within
a one second maximum of the content being recorded). Once
recording stops and the conventional index 1s added to the end
of the video file, the external index file can be deleted as no
longer necessary.

The above process can be applied to any GOP based video
format (including Windows Media).

FIG. 6 1s a diagram of a cache architecture for storing and
manipulating media, according to an embodiment of the
present invention. To offer the flexible, robust editing func-
tions, a software-based, intelligent video cache system 601 1s
utilized. The system 601 enables frame accurate scrubbing
and editing of GOP based content. Due to the processor
demand 1n decoding GOP based content, GOP based editing
has been implemented conventionally as hardware based
tfunctionality. This aspect of the present invention provides a
caching architecture which removes this requirement and
cnables software based real-time long GOP editing. This
architecture 1s implemented by the editing application of the
media services platform 101.

The architecture of the mtelligent video cache system 601
has a number of layers: a video file content layer 603; a
non-sequential, compressed video file cache 605; and a
decompressed frame cache 607. The video file content layer
603 provides for locally hosted video file content. The second
layer 605 provides for a compressed video file cache within a
client player. This cache 605 i1s non-sequential so that only
parts of the video file (at GOP resolution) can be cached. In
one embodiment, the cache 605 i1s maintained 1n main
memory (e.g., Random Access Memory (RAM)) of the work-
station 127, but can be aged by the player software to local
disk. Also, within the client player, the decompressed frame
cache 607 1s provided 1n video memory (VRAM).

In this example, the cache 601 1s filled by asynchronous
proactive caching threads 609, which follow and predict user
behavior patterns as well as fill the ditferent layers 603, 605
and 607 of the cache 601 as required to provide the best
editing experience (within the constraints of the local work-
station resources 1n terms of Central Processing Unit (CPU),
RAM, disk and VRAM). The asynchronous aspect of the
system 1s significant, and provides the user with an immediate
response when scrubbing throughout a file or editing. If the
system has not yet cached the desired frame, the player soft-
ware can show the closest cached/decompressed frame and
display a status symbol indicating to the user that the current
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frame 1s not the correct frame. If the user waits, eventually
that frame will render 1nto the correct frame. The user inter-
face 1s not locked by the caching mechanism—i.e., the user
can always choose to scrub somewhere else, play, etc. Fur-
thermore, cache requests can be configured to have an expiry
timeout, enabling cancellation to avoid building long queues
of caching requests (which could no longer be relevant).

The following modes of operation of the editor player 128
are considered: idle, scrubbing, and playing. In 1dle mode,
when the player has not changed state within a predetermined
period of time (e.g., such as 1n the last 2 seconds), a playback
caching thread first ensures that it has cached the next few
seconds forward and backward from the playback head posi-
tion. The thread ensures that the content 1s cached 1n decom-
pressed VRAM cache 607. In this manner, 1f the user sud-
denly decides to play, the system can respond immediately.
Once the playback caching thread 1s satisfied that the content
1s cached for immediate playback, the riddling thread 1is
started.

The job of the nddling thread 1s to proactively download
frames throughout the video 1n case the user starts scrubbing.
The thread first downloads a GOP 1n the middle of the file,
then every third of the file, then every ninth of the file, etc.
This continues until the VRAM 1s full (it always leave the
playback thread immediate playback content, but can replace
other frames which have been cached and are no longer
relevant). Once the VRAM 1s full, the thread continues—but
only to the compressed RAM cache and disk cache. If enough
resources exist on the workstation 127 and time 1s left in idle
mode, the full video can be cached 1n the compressed cache.

The scrubbing mode 1s triggered by fast “playback head”
movement, by a user operating an on screen editing tool
(when not 1n play mode). The playback caching thread 1s
disabled and all resources are given to the nddling thread to
provide the best scrubbing experience.

When a play “button” 1s selected by a user within the proxy
editor player 128, the playing mode 1s triggered. In this mode,
the playback caching thread, and the riddling thread are dis-
abled. A look-ahead caching thread is started which decom-
presses into VR AM the content ahead, and faster (if there are
suificient system resources) than the playback head.

The processes described herein for supporting distributed
editing may be implemented via software, hardware (e.g.,
general processor, Digital Signal Processing (DSP) chip, an
Application Specific Integrated Circuit (ASIC), Field Pro-
grammable Gate Arrays (FPGAs), etc.), firmware or a com-
bination thereof Such exemplary hardware for performing the
described functions 1s detailed below.

FIG. 7 1illustrates a computer system 700 upon which an
embodiment according to the present invention can be imple-
mented. For example, the processes described herein can be
implemented using the computer system 700. The computer
system 700 includes a bus 701 or other communication
mechanism for communicating information and a processor
703 coupled to the bus 701 for processing information. The
computer system 700 also includes main memory 705, such
as arandom access memory (RAM) or other dynamic storage
device, coupled to the bus 701 for storing information and
istructions to be executed by the processor 703. Main
memory 705 can also be used for storing temporary variables
or other intermediate information during execution of
instructions by the processor 703. The computer system 700
may further include a read only memory (ROM) 707 or other
static storage device coupled to the bus 701 for storing static
information and instructions for the processor 703. A storage
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device 709, such as a magnetic disk or optical disk, 1s coupled
to the bus 701 for persistently storing information and 1nstruc-
tions.

The computer system 700 may be coupled via the bus 701
to a display 711, such as a cathode ray tube (CRT), liquid 5
crystal display, active matrix display, or plasma display, for
displaying information to a computer user. An mput device
713, such as a keyboard including alphanumeric and other
keys, 1s coupled to the bus 701 for communicating informa-
tion and command selections to the processor 703. Another 10
type of user mput device 1s a cursor control 715, such as a
mouse, a trackball, or cursor direction keys, for communicat-
ing direction information and command selections to the
processor 703 and for controlling cursor movement on the
display 711. 15

According to one embodiment of the mvention, the pro-
cesses described herein are performed by the computer sys-
tem 700, in response to the processor 703 executing an
arrangement of istructions contained in main memory 705.
Such 1nstructions can be read into main memory 705 from 20
another computer-readable medium, such as the storage
device 709. Execution of the arrangement ol instructions
contained in main memory 703 causes the processor 703 to
perform the process steps described herein. One or more
processors 1 a multi-processing arrangement may also be 25
employed to execute the istructions contained i main
memory 705. In alternative embodiments, hard-wired cir-
cuitry may be used 1n place of or in combination with soit-
ware 1nstructions to implement the embodiment of the
present invention. Thus, embodiments of the present iven- 30
tion are not limited to any specific combination of hardware
circuitry and soitware.

The computer system 700 also includes a communication
intertace 717 coupled to bus 701. The communication inter-
tace 717 provides a two-way data communication coupling to 35
a network link 719 connected to a local network 721. For
example, the communication 1nterface 717 may be a digital
subscriber line (DSL) card or modem, an integrated services
digital network (ISDN) card, a cable modem, a telephone
modem, or any other communication interface to provide a 40
data communication connection to a corresponding type of
communication line. As another example, communication
interface 717 may be a local area network (LAN) card (e.g.
tor Ethernet™ or an Asynchronous Transier Model (ATM)
network) to provide a data communication connection to a 45
compatible LAN. Wireless links can also be implemented. In
any such implementation, communication interface 717
sends and recerves electrical, electromagnetic, or optical sig-
nals that carry digital data streams representing various types
of information. Further, the communication intertace 717 can 50
include peripheral interface devices, such as a Universal
Serial Bus (USB) interface, a PCMCIA (Personal Computer
Memory Card International Association) interface, etc.
Although a single communication iterface 717 1s depicted in
FIG. 7, multiple communication interfaces can also be 55
employed.

The network link 719 typically provides data communica-
tion through one or more networks to other data devices. For
example, the network link 719 may provide a connection
through local network 721 to a host computer 723, which has 60
connectivity to a network 725 (e.g. a wide area network
(WAN) or the global packet data communication network
now commonly referred to as the “Internet”) or to data equip-
ment operated by a service provider. The local network 721
and the network 725 both use electrical, electromagnetic, or 65
optical signals to convey information and instructions. The
signals through the various networks and the signals on the
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network link 719 and through the communication interface
717, which communicate digital data with the computer sys-
tem 700, are exemplary forms of carrier waves bearing the
information and instructions.

The computer system 700 can send messages and receive
data, including program code, through the network(s), the
network link 719, and the communication interface 717. In
the Internet example, a server (not shown) might transmit
requested code belonging to an application program for
implementing an embodiment of the present invention
through the network 725, the local network 721 and the com-
munication interface 717. The processor 703 may execute the
transmitted code while being recerved and/or store the code in
the storage device 709, or other non-volatile storage for later
execution. In this manner, the computer system 700 may
obtain application code in the form of a carrier wave.

The term “computer-readable medium” as used herein
refers to any medium that participates in providing instruc-
tions to the processor 703 for execution. Such a medium may
take many forms, including but not limited to non-volatile
media, volatile media, and transmission media. Non-volatile
media include, for example, optical or magnetic disks, such as
the storage device 709. Volatile media include dynamic
memory, such as main memory 705. Transmission media
include coaxial cables, copper wire and fiber optics, including
the wires that comprise the bus 701. Transmission media can
also take the form of acoustic, optical, or electromagnetic
waves, such as those generated during radio frequency (RF)
and infrared (IR) data communications. Common forms of
computer-readable media include, for example, a floppy disk,
a flexible disk, hard disk, magnetic tape, any other magnetic
medium, a CD-ROM, CDRW, DVD, any other optical
medium, punch cards, paper tape, optical mark sheets, any
other physical medium with patterns of holes or other opti-
cally recognizable indicia, a RAM, a PROM, and EPROM, a
FLASH-EPROM, any other memory chip or cartridge, a car-
rier wave, or any other medium from which a computer can
read.

Various forms of computer-readable media may be
involved 1n providing instructions to a processor for execu-
tion. For example, the instructions for carrying out at least
part of the present invention may initially be borne on a
magnetic disk of a remote computer. In such a scenario, the
remote computer loads the instructions into main memory
and sends the instructions over a telephone line using a
modem. A modem of a local computer system receives the
data on the telephone line and uses an infrared transmitter to
convert the data to an infrared signal and transmuit the infrared
signal to a portable computing device, such as a personal
digital assistant (PDA) or a laptop. An infrared detector onthe
portable computing device receives the information and
instructions borne by the infrared signal and places the data
on a bus. The bus conveys the data to main memory, from
which a processor retrieves and executes the instructions. The
instructions received by main memory can optionally be
stored on storage device either belore or after execution by
Processor.

While the present invention has been described in connec-
tion with a number of embodiments and implementations, the
present invention 1s not so limited but covers various obvious
modifications and equivalent arrangements, which fall within
the purview of the appended claims.

The following patent applications are incorporated herein
by reference 1n their entireties: co-pending U.S. patent appli-
cation Ser. No. 11/368,750, filed Mar. 6, 2006, entitled
“Method and System for Providing Distributed Editing and
Storage of Digital Media Over a Network™; co-pending U.S.
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patent application filed Sep. 7, 2006, entitled “Method and
System for Providing a Personal Video Recorder Utilizing

Network-Based Digital Media Content™; co-pending U.S.
patent application filed Sep. 7, 2006, entitled “Method and
System for Providing Remote Digital Media Ingest with Cen- 5
tralized Editorial Control”; co-pending U.S. patent applica-
tion Ser. No. 11/452,851, filed Jun. 14, 2006, entitled
“Method and System for Providing Digital Media Manage-
ment Using Templates and Profiles™; co-pending U.S. patent
application Ser. No. 11/479,713, filed Jun. 30, 2006, entitled 10
“Method and System for Providing End User Community
Functionality for Publication and Delivery of Digital Media
Content™; co-pending U.S. Patent Application filed Sep. 7,
2006, entitled “Method and System for Dynamic Control of
Digital Media Content Playback and Advertisement Deliv-
ery”’; co-pending U.S. patent application filed Sep. 7, 2006,
entitled “Method and System for Delivery of Digital Media
Experience via Common Instant Communication Clients”;
and co-pending U.S. patent application filed Sep. 7, 2006,
entitled “Providing End User Community Functionality for
Publication and Delivery of Digital Media Content.”
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APPENDIX

3G 3" Generation

AAF Advanced Authoring Format

API Application Programming Interface

ASIC Application Specific Integrated Circuit

CD Compact Disc

CPU Central Processing Unit

CRT Cathode Ray Tube

DSL Diagital Subscriber Line

DRM Dagital Rights Management

DVD Dagital Versatile Disc (formerly Digital Video Disc)
EDL Edit Decision List

EPROM Erasable Programmable Read Only Memory
FPGA Field Programmable Gate Array

GOP Group of Pictures

GUI Graphical User Interface

IIS 1
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Internet Information Services 40

IM Instant Messaging,

IP Internet Protocol

IPTV IP Television

ISDN Integrated Digital Services Network
ISP Internet Service Provider

LLAN Local Area Network

LTC Longitudinal TimeCode

MPEG Motion Picture Expert Group

NAS Network Area Storage
NTSC National Television System Commiuttee
NIC Network Interface Card
PAL Phase Alternating Line
PCMCIA Personal Computer Memory Card International
Association
PDA Personal Digital Assistant
PROM Programmable Read Only Memory
RAM Random Access Memory
ROM Read Only Memory
REFC Request For Comment
RPID Rich Presence Information Data Format
SAN Storage Area Network
SDI Senal Digital Interface
SLA Service Level Agreement
SMPTE Society of Motion Picture and Television
neers
SQL Structured Query Language
TV Television
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UMTS Umversal Mobile Telecommunications System
VDAM Virtual Digital Asset Manager

VDCP Video Disk Communications Protocol
VOD Video On Demand

WAN Wide Area Network

WLAN Wireless [Local Area Network
XML Extensible Markup Language

What 1s claimed 1s:
1. A method comprising;:

receving, at a service provider platform, a plurality of

media streams;
permitting access by a player of a first subscriber to the
service provider platform to perform remote proxy edit-
ing of one or more of the media streams; and

permitting access by a player of a second subscriber to the
service provider platform to perform remote proxy edit-
ing of the one or more of the media streams.

2. A method according to claim 1, further comprising;:

generating an index {ile for one of the media streams during,

a recording of a corresponding digital media, wherein
the index file includes imndices for decoding the corre-
sponding digital media; and

periodically updating the index file throughout the record-

ing of the corresponding digital media.

3. A method according to claim 2, wherein the correspond-
ing digital media represents video information that 1s encoded
according to a Group of Pictures (GOP) format.

4. A method according to claim 1, further comprising;:

executing a workilow application that includes proxy

viewing, logging and editing, craft editing, and delivery
of digital media, wherein the digital media 1s recerved
from a plurality of content sources that include either a
media archive, a live feed, a digital feed, or a combina-
tion thereof.

5. A method according to claim 1, wherein the one or more
of the media streams are transmitted to a plurality of players
of the first subscriber.

6. An apparatus comprising:

at least one processor; and

at least one memory including computer program code for

ONe Or more programs,

the at least one memory and the computer program code

configured to, with the at least one processor, cause the

apparatus to perform at least the following,

receive a plurality of media streams,

permit access by a player of a first subscriber to perform
remote proxy editing of one or more of the media
streams, and

permit access by a player of a second subscriber to
perform remote proxy editing of the one or more of
the media streams,

wherein the first subscriber and the second subscriber
are subscribers to an editing service maintained by a
service provider.

7. An apparatus according to claim 6, wherein the appara-
tus 1s further caused to:

generate an index file for one of the media streams during

a recording of a corresponding digital media, wherein
the index file includes mdices for decoding the corre-
sponding digital media; and

periodically update the index file throughout the recording

of the corresponding digital media.

8. An apparatus according to claim 7, wherein the corre-
sponding digital media represents video information that 1s
encoded according to a Group of Pictures (GOP) format.
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9. An apparatus according to claim 6, further comprising:
execute a worktlow application that includes proxy view-
ing, logging and editing, craft editing, and delivery of
digital media, wherein the digital media 1s recerved from
a plurality of content sources that include either a media
archive, a live feed, a digital feed, or a combination

thereof.

10. An apparatus according to claim 6, wherein the one or
more of the media streams are transmitted to a plurality of
players of the first subscriber.

11. A method comprising:

executing a proxy editor player;

accessing a service provider platform to edit one or more of

a plurality of media streams as part of a remote editing
service; and
selecting, via the proxy editor player, one of the media
streams to edit at the service provider platiorm,

wherein the service provider platform 1s configured to pro-
vide the remote editing service to a plurality of subscrib-
ers.

12. A method according to claim 11, further comprising:

previewing, via the proxy editor player, the selected media

stream before the editing.

13. A method according to claim 11, further comprising:

applying, via the proxy editor player, a zoom or a crop
clfect on the selected media stream.

14. A method according to claim 11, further comprising:

recording, via the proxy editor player, a voiceover with
respect to the selected media stream.

15. A method according to claim 11, further comprising:

receiving, via the proxy editor player, the edited media
stream.
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16. An apparatus comprising;:

at least one processor; and

at least one memory including computer program code for
ONe Or more programs,

the at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus to perform at least the following,
execute a proxy editor player,
access a service provider platform to edit one or more of

a plurality of media streams as part of a remote editing,

service, and
select, via the proxy editor player, one of the media
streams to edit at the service provider platform,
wherein the service provider platform 1s configured to
provide the remote editing service to a plurality of

subscribers.
17. An apparatus according to claim 16, wherein the appa-
ratus 1s further caused to:
preview, via the proxy editor player, the selected media
stream before the editing.
18. An apparatus according to claim 16, wherein the appa-
ratus 1s further caused to:
apply, via the proxy editor player, a zoom or a crop effect on
the selected media stream.
19. An apparatus according to claim 16, wherein the appa-
ratus 1s further caused to:
record, via the proxy editor player, a voiceover with respect
to the selected media stream.
20. An apparatus according to claim 16, wherein the appa-
ratus 1s further caused to:
recerve, via the proxy editor player, the edited media
stream.
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